To investigate the link between cigarette smoking and flexibility in the Japanese population, we used data of 4234 men and 9169 women, aged 20 -79 years, in this cross-sectional investigation study. Flexibility such as sit and reach were measured. In addition, habits of cigarette smoking and exercise were obtained by well-trained medical staff. The effect of cigarette smoking on flexibility was evaluated. A total of 1613 men (38.1%) and 995 women (10.9%) were having habits of cigarette smoking. Flexibility in men was decreased with aging and that in women increased with aging under 60's. Flexibility in subjects with cigarette smoking was significantly lower than that in subjects without cigarette smoking even after adjusting for age and exercise habits in both sexes. Cigarette smoking might be modifiable factor of flexibility in the Japanese.
INTRODUCTION
Cigarette smoking is a public health problem, and it has been reported that 32.2% in men and 8.4% in women are current smokers in Japan [1] . Cigarette smoking has also reported to be a strong risk factor for atherosclerosis and cardiovascular disease in a dose-dependent manner [2] .
In 2006 in Japan, levels of maximal oxygen uptake and muscle strength were recommended as exercise and physical activity reference quantity for health promotion 2006 (EPARQ2006) by the Ministry of Health, Labor and Welfare, Japan [3] However, optimal value of the flexibility was not recommended [3] and the link between cigarette smoking and flexibility in a large sample of Japanese has not yet been fully discussed.
Therefore, in this study, we evaluated the effect of cigarette smoking on flexibility in the Japanese.
SUBJECTS AND METHODS

Subjects
We used data of 4234 men (43.3 ± 13.9 years) and 9169 women (42.4 ± 13.9 years) in a cross-sectional study. Subjects met the following criteria ( Table 1 ): 1) they underwent an annual health check-up from June 1999 to November 2009 at Okayama Southern Institute of Health; 2) they had flexibility, exercise habits and cigarette smoking evaluated as part of their annual health check-up; and 3) all subjects provided written informed consent for the use of their data in the study.
Ethical approval for the study was obtained from the Ethical Committee of Okayama Health Foundation.
Anthropometric Measurements
The anthropometric parameters were evaluated by using the following respective parameters such as height, body weight, body mass index (BMI), abdominal circumference and hip circumference. BMI was calculated by weight/ [height] 2 (kg/m 2 ). The abdominal circumference was measured at the umbilical level and the hip was measured at the widest circumference over the trochanter in standing subjects after normal expiration [4] .
Flexibility
The flexibility of all the participants was measured as follows. Sit-and-reach measurements were obtained to assess the overall flexibility in the forward flexion, with the measurements recorded as the distance (in centimeters) between the fingertips and toes. The subject's knees were kept straight throughout the test and ankles were maintained at 90 degrees by having the soles of the feet pressed against a board perpendicular to the sitting surface [5] .
Exercise Habits
The data on exercise habits were obtained at interviews conducted by well-trained staff using the structured method of the National Nutrition Survey in Japan. The subjects were asked if they currently exercise (over 30 min per session, 2 times per week for duration of 3 months). When the answer was "yes", they were classified as subjects with exercise habits. When the answer was "no", they were classified as subjects without exercise habits. 
Statistical Analysis
RESULTS
Clinical profiles of enrolled subjects were summarized in Table 1 . Flexibility was 2.9 ± 10.1 cm in men and 9.5 ± 8.9 cm in women. A total of 1613 men (38.1%) and 995 women (10.9%) were having habits of cigarette smoking ( Table 2 ) and the prevalence of subjects with cigarette smoking decreased with aging.
Changes in flexibility as classified by age groups were evaluated. In men, flexibility was significantly decreased with aging. However, flexibility was significantly increased with aging under 60's in women ( Table 3 ). In addition, it is well known that exercise habits were closely associated with cigarette smoking [6] . Therefore, we evaluated the relationship between cigarette smoking and exercise habits ( Table 4) . Significant relationship between cigarette smoking and exercise habits was noted in both sexes.
Finally, we compared flexibility between subjects with and without cigarette smoking ( Table 5) . Flexibility in subjects with cigarette smoking was significantly lower than that in subjects without cigarette smoking. The differences were remained even after adjusting for age and exercise habits. 
DISCUSSION
The main finding of this study is that cigarette smoking was might be modifiable factor of flexibility in the Japanese population.
In some literatures, the relationship between cigarette smoking and flexibility has been showed [7] [8] [9] . Conway has reported that they examined 1357 Navy men and fitness was negatively associated with cigarette smoking [7] . Boyce et al. also showed that smokers had signifycantly lower fitness scores in sit and reach flexibility in 514 police officers [8] . However, Ricci et al. reported that there were significant differences for age and flexibility in relation to the history of smoking i.e. ex-smoking women were shown to be younger and be more flexible than those who had never smoked [9] . They did not adjust for age when they compare flexibility between subjects with and without cigarette smoking. In this study, we solely evaluated the relationship between cigarette smoking and flexibility i.e. sit-and-reach measurements in Japanese. Exercise habits were closely linked to cigarette smoking and the differences flexibility between subjects with and without cigarette smoking were not attenuated even after adjusting for age and exercise habits. We have also reported that aerobic exercise level defined by ventilatory threshold was associated with cigarette smoking in Japanese [6] . Sedentary lifestyle may contribute to the functional decline of subjects and ciga-rette smoking may accelerate alterations in several systems and organic functions. Poor trunk flexibility is associated with arterial stiffening [10] . Taken together, a combination of promoting exercise habits and prohibiting cigarette smoking might be considered for improving flexibility in Japanese.
Potential limitations still remain in this study. First, our study was a cross sectional and not a longitudinal study. Second, 4234 men and 9169 women in our study voluntarily underwent measurements: they were therefore more likely to be health-conscious compared with the average person. Third, the difference of changes in flexibility between men and women with aging were noted. Forth, we could not clarify the mechanism of the link between cigarette smoking and flexibility. Smokers often show lower levels of current and past leisure-time physical activity, hormonal disorders and nutritional deficits [11] . However, it seems reasonable to suggest that prohibiting smoking might result in the amelioration of flexibility in some Japanese. To show this, further prospective studies are needed in the Japanese population.
